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expulsion following sudden muscular contrac¬ 
tions (Yonge, 1947). Finally in Lepeta condi¬ 
tions, apart from the'absence of a ctenidium, 
resemble those in Acmaea tessulata and A. vir- 
ginea with ciliary currents moving water with 
sediment and excrement to the mid-point pos¬ 
teriorly. Respiration must here be through the 
mantle wall into the pallial blood vessel, the 
advantages of organs of respiration being pre¬ 
sumably more than offset by the greater amount 
of sediment carried in by the greater ciliary 
current. These sublittoral limpets live on 
stones embedded in mud (Yonge, I960). 

CURRENTS IN NORTH PACIFIC SPECIES 
OF ACMAEA 

The remarkable wealth and unusual degree 
of specialization of species of Acmaea on north 
American Pacific coasts prompted examination, 
during January to March, I960, of conditions in 
13 available species. Information about their 
ecology is given by Test (1945). In no case 
were the cleansing currents found to be the 
same as in the European A. tessulata and A. 
virginea (textfig. 1A), both of which live in rel¬ 
atively quiet water where there is some settle¬ 
ment of mud particles. The range of conditions 
found is shown in textfigs. IB through IE and 2. 
In all, as must be so where there is a ctenidi¬ 
um, the respiratory current enters on the left 
of the nuchal cavity and in the majority of cases 
it leaves on the right carrying with it sediment, 
faeces and excrement. 

In the commonest condition, found in Ac¬ 
maea digitalis, A. mitra , A. scabra , A. scutum 
and A. instabilis (textfig. IB) there are cur¬ 
rents up the pallial walls but not along the 
groove or on the sides of the foot. There is a 
slight current into the pallial groove on the 
right side of the nuchal cavity. In A. limatula 
the only, very minor, difference is the presence 
of a similar current on the left side. Currents 
in young individuals of this species are rather 
different as noted below. In A. pelta (textfig. 
1C) there is an apparent complete absence of 
cilia in the pallial grooves. 

All but one of these species, although each 
occupies a characteristic zone, live intertid- 
ally under conditions where, like Lottia , they 
are fully exposed to wave action. The excep¬ 
tion is Acmaea instabilis , with a rocker-like 
shell fitting it for life only on such a substra¬ 
tum, which lives invariably on the stipes of the 
massive brown weed, Laminaria Andersoni , 
which grows in very agitated water. In all, 
therefore, cleansing can be effectively carried 
out by water movements. 


In Acmaea asmi , A. insessa , A. triangu¬ 
laris and A_. paradigitalis the respiratory cur¬ 
rent i s the same but all have well developed 
cleansing currents in the pallial grooves (text¬ 
fig. ID). Sediment and other waste is carried 
to the middle of the right side and there moves 
down the pedal wall. The mucus-laden mass is 
then presumably expelled by occasional, prob¬ 
ably quite gentle, muscular contractions. The 
same arrangements for cleansing were ob¬ 
served in young (up to 8 mm. long) .A. limatu¬ 
la. Conditions, to be described later, in A. 
palaeacea represent a modification of this ar¬ 
rangement (textfig. 2). 

The habitat of these four species is signi¬ 
ficant. Acmaea asmi lives always on the shells 
of T egula funebralis and so normally in the 
shelter of pools or crevices inhabited by these 
topshells. Acmaea triangularis is a very small 
limpet which feeds exclusively on the coralline 
alga Amphiroa tuberculosa which sometimes 
grows on the bottom of pools and occasionally 
on the shells of Tegula brunnea . Acmaea para ¬ 
digitalis occurs on rocks at high mid-tidal lev¬ 
els and usually on horizontal surfaces. It 
occurs with A. digitalis with which it was for¬ 
merly confused but is distinguished from that 
species by the characters listed by Fritchman 
(I960) but also by the nature of the ciliation in 
the pallial grooves and in the size of the cteni¬ 
dium. That of A. digitalis is the larger and the 
more accive and may probably, as in other spe 7 - 
cies, assist by its movements the process of 
cleansing. Acmaea insessa lives always on the 
large "boa weed" Eg regia Menziesii which 
grows about low tide level and in considerably 
more sheltered conditions than does Laminaria 
Ander soni. All of these species therefore live 
under conditions where water movements can 
be of little help in cleansing; this applies to A. 
paradigitalis because of the horizontal posture 
and the small size of the ctenidium in compari¬ 
son with .A. digitalis . 

Conditions in Acmaea ochracea (textfig. 
IE) alone come close to those in A. tessulata 
and A. virginea . This small limpet lives be¬ 
low tidal levels and apparently on sheltered 
rock surfaces. Ciliary currents in the pallial 
grooves accumulate sediment on the right side 
but near to the posterior end. The very active 
ctenidium extends for some distance into the 
right pallial groove so that the exhalant current 
is directed along this and emerges along the 
right side where it actively assists cleansing. 
The generalized region of sediment extrusion 
is for this reason carried posteriorly although 
not to quite the full and concentrated extent 


























































Page 122 


THE VELIGER 


Vol. 4; No. 3 


displayed in the two European species (textfig. 
1A) which inhabit quieter and more sediment¬ 
laden water. 


ACMAEA PALEACEA 

Particular attention was paid to this small 
species which is certainly the most highly 
modified acmaeid limpet. It is highly special¬ 
ized for life on the thin strap-like leaves of the 
eel grass Phyllospadix Torreyi to the shape of 
which the narrow shell conforms. As shown in 
textfigure 2, this is relatively high with paral¬ 
lel sides and is transversely slightly saddle- 
shaped, so making perfect contact with the 
surface of the leaf which, in cross section, is a 
flattened oval. A full-grown limpet, some 7.5 
mm. long, 2.1 mm. high and 1.8 mm. broad 
(textfig. 2), is usually almost precisely the 
same width as the leaf it lives upon. Occasion¬ 
ally the shell bulges out a little above the mar¬ 
gins as though the limpet had moved from a 
broader to a narrower leaf. But no animal was 
observed to move. They eat their way into the 
substance of the relatively stout leaf, and prob¬ 
ably only move very slightly forward after the 
radula has reached the limit of its penetration. 

Acmaea paleacea is more strikingly 
adapted to its host plant than are either A. in- 
stabilis (on Laminaria Andersoni ) or A. insessa 
(on E gregia Menziesii). A study of the life his¬ 
tories of all of these limpets, involving an un¬ 
derstanding of the manner in which the pelagic 
larva finds its way on to the adult environment, 
would be of great interest. Moreover, the life 
history of these limpets (presumably annuals) 
must be largely conditioned by that of the plant. 

A unique feature of th e shell of Acmaea 
paleacea is the presence on the right side of 
the nuchal cavity of a knotch giving passage to 
the exhalant and waste current (textfig. 2A). 
Both nuchal cavity and pallial grooves are rel¬ 
atively deep and ciliary currents in them are 
unusually rapid. The course of the cleansing 
currents in the pallial grooves is somewhat dif¬ 
ferent from that in any other species observed. 
As shown in textfigure 2C, the cilia in the ante¬ 
rior two-thirds of each pallial groove beat to¬ 
wards the nuchal cavity from which sediment is 
then removed. But ciliary currents around the 
posterior end carry particles to the right side 
for at least temporary accumulation. 

The presence of the knotch in the shell will 
enable this species to circulate water for res¬ 
piration and to remove faeces and excrement 
from the nuchal cavity without appreciably 
raising the shell from the substrate to which it 


must always tightly adhere. Loss of contact 
would be fatal. Sediment from the greater part 
of the pallial grooves will also leave by this 
route while the accumulation on the right side 
may also be moved there for expulsion after it 
reaches a certain size. This cannot be ob¬ 
served in situ ; all that is clear when the ani¬ 
mals are examined ventral side upwards is the 
accumulation and, under those conditions, dis¬ 
posal of sediment on the right side. This divi¬ 
sion of the cleansing currents into two series 
appears to be a consequence of the lengthening 
of the shell due to adaptation of this limpet to 
its unique habitat. 

Summary 

The respiratory and cleansing currents in 
the nuchal cavity and pallial grooves have been 
examined in 13 species of Acmaea . Acmaea 
digitalis , A. mitra, A. scabra , A. scutum , .A. 
instabilis, A. limatula and A. pelta, all of 
which live in considerable exposure, rely on 
water movements for cleansing, just a s does 




Figure 2 : Acmaea paleacea. A: attached to leaf of 
Phyllospadix Torreyi , lateral view showing knotch on 
right side of shell; B: viewed from above; G: viewed 
as transparent object from above showing direction of 
respiratory and cleansing currents indicated by solid 
and broken arrows respectively. 
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Lottia gigantea (Abbott, 1956). In A. asmi, A. 
insessa , A. triangularis a n d A. paradigitalis 
where there is less exposure owing to habitat 
or posture, ciliary currents in the pallial 
grooves assist in cleansing. In A, ochracea 
which lives below tidal levels in relatively still 
water, cleansing is further assisted by the ex- 
halant current which is directed by the ctenidi- 
um along the right pallial groove. This condi¬ 
tion comes nearest to that in the European A. 
tessulata and A. virginea which live in water 
with considerable mud content and where both 
exhalant and cleansing currents leave in the 
mid-line posteriorly. In A. paleacea , which is 
highly modified in connexion with life on the 
leaves of Phyllospadix, the exhalant current 
with the greater part of the cleansing currents 
leaves by way of a knotch in the shell on the 
right of the nuchal cavity. 
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Lithophaga (synonym: Lithodomus ), one of 
the rock-boring members of the family Mytili- 
dae, occurs throughout the world in tropic and 
temperate seas. The genus was erected by 
Rdding in 1789 and is characterized by its bor¬ 
ing habits. It is found in stone, chalk, coral, 
and Spondylus shells, according to Reeve (1858). 
I have noted it in lime-cemented sandstone, 
calcareous shale, and Cham a shells. Sayre 
(1931), Hanley (1844), Ihering (1900), and other 


authors have specifically mentioned calcareous 
material as a substrate for Lithophaga , while 
Berry (1907), Amemiya (1933), and Haas (1942) 
have reported finding Lithophaga plumula in 
non-calcareous material. 

Carazzi (1903), List (1902), Ktihnelt (1930), 
Otter (1937), and Yonge (1955) have all recog¬ 
nized the possibility that Lithophaga may bore 
into limestone substrates with the aid of an 
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acid secretion from the mantle tissue or at 
least by some chemical means. Of the investi¬ 
gators that have reported Lithophaga in non- 
calcareous material, Haas (1942) is the only 
author specifically to contradict the acid-boring 
theories. He does not offer an explanation for 
boring, but does state categorically that it can¬ 
not be chemical and it therefore must be me¬ 
chanical. A summary of the findings of the 
above-mentioned authors appears in the next 
section. 

It has been the purpose of this study to de¬ 
termine whether Lithophaga plumula bores into 
rock by a chemical or a mechanical process. 
The conclusion of this work is that L. plumula 
kelseyi does bore by a chemical action on the 
rock substrate, but it i s beyond the scope of 
this paper to analyze the chemical mechanisms 
involved. 

HISTORICAL THEORIES OF BORING 
BY LITHOPHAGA 

Carazzi (1903) was the first worker to pub¬ 
lish a theory of boring by Lithophaga . He de¬ 
scribed three glands in the mussel which he 
claimed were acid-secreting: a gland in the 
visceral mass of the animal which he called 
"protacid gland", and two "deutacid glands". 
One of these "deutacid" glands is anterior to 
the hinge, just dorsal to the anterior adductor 
muscle, and is called the "anterior acid gland". 
The other gland is called the "posterior acid 
gland" and is immediately posterior to the hinge 
in the extreme dorsal position adjacent to the 
internal surface of the shell valves. 

List (190Z) has also suggested that these 
mussels bore by acid secretions from the area 
of the fused inner mantle lobes. He described 
two types of gland cells: basophils with hyaline 
content and granulated acidophils. 

Pelseneer (1911) redescribed the same 
glands that Carazzi and List had seen and em¬ 
phasized that these glands occur in the Mytili- 
dae. Pelseneer also described a second pallial 
gland in Lithophaga gracilis which, he said, is 
absent in other species of Lithophaga. Pelse¬ 
neer claimed that this unpaired gland may have 
something to do with boring and, in fact, called 
it an "acid" gland. Yonge (1955) dismissed its 
connection with boring by saying that this gland 
secreted into the mantle cavity and so the acid, 
if there were such, would never come in con¬ 
tact with the rock substrate. Yonge (1955) did 
not find this gland in the Californian L. plumu¬ 
la. 


In a long and general discussion Ktlhnelt 
(1930) reviewed the history of the theories of 
boring by the pelecypods and brought it up to 
date with his own observations. Kuhnelt recog¬ 
nized two mechanisms by which pelecypods 
bore into their substrates: mechanical and 
chemical. Most of the paper dealt with chemi¬ 
cal borings as exemplified by Lithophaga . Kuh- 
nelt's experimental work showed that Lithopha¬ 
ga does bore chemically. He put a piece of 
Sepia shell in a tube and allowed one of his spe¬ 
cimens to press its anterior mantle up against 
the shell. There were marks of erosion in a 
few days, although Kuhnelt had not seen any 
movement by the mussel. He was also able to 
detect actual boring of from two to three milli¬ 
meters in pre-bored Sepia shells in a period 
of 14 days. Kuhnelt put some Lithophaga in 
paraffin-lined glass test tubes but was unable 
to detect any free acid in these tubes over a 
period of eight days. He also attempted to re¬ 
peat Carazzi 1 s experiments in which the latter 
had shown that the so-called "acid gland" tissue 
turned blue litmus paper red. Kuhnelt found 
that this reaction was not limited to the so- 
called "glandular" tissue. The mantle, gill, 
and foot also turned blue litmus paper red. 
Kuhnelt further stated that all experiments to 
prove the existence of acid in the glands were 
negative, although he did not describe his ex¬ 
periments. He was convinced that the boring is 
effected chemically and that the agent which 
causes the solution does not come from any 
specific source in the animal. 

Otter (1937) studied several species of 
Lithophaga at Low Isles on the Great Barrier 
Reef. He included Lithophaga and probably 
Modiolus as chemical borers among the Mol- 
lusca in a general article on rock-destroying 
organisms. He felt that the rock is dissolved 
away by an acid but stated that no acid had been 
identified. He suggested hydrochloric acid as 
the most likely but also considered an organic 
acid or mixture of acids. Otter cited Duerden 
(1902) as saying that most boring algae utilize 
carbonic acid from respiration and Carazzi 
(1892) as saying that carbonic acid is also used 
by Lithophaga for boring. Otter objected to the 
idea that free acid is secreted into the burrow 
because if it were, the calcareous deposits on 
the shell and burrow would be dissolved. He 
wrote (1. c., p. 336), "It appears that the acid 
secretion is only applied directly to those sur¬ 
faces of the burrow in contact with the free 
edges of the siphons and mantle when these are 
protruded, the acid secretion being immediate¬ 
ly neutralized by the rock before it can come 

























